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Abstract An RFLP genetic linkage joinmap was con-
structed from four different mapping populations of 
cotton (Gossypium hirsutum L.). Genetic maps from two
of the four populations have been previously reported.
The third genetic map was constructed from 199 bulk-
sampled plots of an F2.3 (HQ95–6×‘MD51ne’) popula-
tion. The map comprises 83 loci mapped to 24 linkage
groups with an average distance between markers of
10.0 centiMorgan (cM), covering 830.1 cM or approxi-
mately 18% of the genome. The fourth genetic map was
developed from 155 bulk-sampled plots of an F2.3 (119–
5 sub-okra×‘MD51ne’) population. This map comprises
56 loci mapped to 16 linkage groups with an average 
distance between markers of 9.3 cM, covering 520.4 cM
or approximately 11% of the cotton genome. A core of
104 cDNA probes was shared between populations,
yielding 111 RFLP loci. The constructed genetic linkage
joinmap from the above four populations comprises 284
loci mapped to 47 linkage groups with the average dis-
tance between markers of 5.3 cM, covering 1,502.6 cM
or approximately 31% of the total recombinational
length of the cotton genome. The linkage groups con-
tained from 2 to 54 loci each and ranged in distance from
1.0 to 142.6 cM. The joinmap provided further knowl-
edge of competitive chromosome arrangement, parental
relationships, gene order, and increased the potential to
map genes for the improvement of the cotton crop. This
is the first genetic linkage joinmap assembled in G. hir-

sutum with a core of RFLP markers assayed on different
genetic backgrounds of cotton populations (Acala, Delta,
and Texas plain). Research is ongoing for the identifica-
tion of quantitative trait loci for agronomic, physiologi-
cal and fiber quality traits on these maps, and the identi-
fication of RFLP loci lineage for G. hirsutum from its
diploid progenitors (the A and D genomes).

Keywords Gossypium hirsutum L. · RFLP · Restriction
fragment length polymorphism · Genetic map · Linkage ·
Upland cotton · Delta cotton · Texas high plain cotton

Introduction

Molecular linkage maps based upon DNA markers are
widely recognized as essential tools for genetic research
in many species. Restriction fragment length polymor-
phism (RFLP) maps have been employed to document
competitive chromosome arrangement in several closely
related crops, to further the knowledge of parental 
relationships (Brubaker et al. 1999), to locate genes 
for insect and disease resistance (Giese et al. 1993), and
for the identification of quantitative trait loci (QTLs)
(Paterson et al. 1991; Lee et al. 1996; Paterson et al.
1998; Ulloa and Meredith 2000). The genetic maps de-
veloped through interspecific hybridization of cotton
currently have little use in a conventional breeding 
program (Reinisch et al. 1994; Yu et al. 1998). While
crosses among races or species show more polymor-
phism, this polymorphism may not be uniformly distrib-
uted across the chromosomes due to the introgression
that has ocurred as a result of natural processes or de-
signed breeding programs (Stephens et al. 1967). The in-
herent problems in such maps are segregation distortions
and non-representative genetic distances and linkage re-
lationships (Grant 1975). Distortions in linkage maps are
also possible due to minor chromosomal rearrangements
that have little effect on fertility or chromosome pairing
in meiosis (Slocum et al. 1990). This has also been ob-
served in Gossypium hirsutum×Gossypium barbadense
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L. progeny (personal communication by Dr. Percy). In
G. hirsutum, two RFLP genetic linkage maps have been
developed and used to identify QTLs for agronomic and
fiber quality traits (Shappley et al. 1998; Ulloa and 
Meredith 2000).

Cotton (Gossypium spp.) is the world’s most-utilized
natural textile fiber. This genus comprises about 50 dip-
loid and tetraploid species (Fryxell 1984). Two tetraploid
species, G. hirsutum and G. barbadense, account for
90% and 5% of the world cotton production, respectively
(Wendel et al. 1992). The leading modern fiber crop was
formed through polyploidization events (Reinisch et al.
1994; Jiang et al. 1998). The modern cotton G. hirsutum
is comprised of the A and D genomes, (c = 1.8 to 2.5 pg;
Arumunganathan and Earle 1991). The D genome, Gos-
sypium raimondii Ulbrich, is smaller (c = 0.68 pg) than
the A genome, Gossypium herbaceum L., (c = 1.05 pg)
(Geever et al. 1989).

A major effort is underway to map the cotton genome
and to map genes for yield components and fiber quality
traits (Reinisch el at. 1994; Shappley et al. 1998; Ulloa
and Cantrell 1998; Yu et al. 1998; Jiang et al. 2000; Ulloa
and Meredith 2000; Ulloa et al. 2000). There is a need to
join the various genetic maps generated around the world
(Brubaker et al. 2000).

This study was conducted to provide a framework for
mapping of the tetraploid cotton (G. hirsutum) genome
by presenting the first joinmap from a series of different
intraspecific populations with different genetic back-
grounds (Acala, Delta, and Texas plain cottons). A core
of RFLP marker pairs was used to assemble this initial
RFLP joinmap. This study presents the construction of
two additional RFLP maps from intraspecific hybridiza-
tions, and the first genetic linkage joinmap. The genetic
maps will be used to identify QTLs for agronomic, phys-
iological and fiber quality traits, as well as the identifica-
tion of RFLP loci lineage for G. hirsutum from its dip-
loid progenitors (the A and D genomes).

Materials and methods

Mapping populations

In our initial mapping population (Pop 1) previously reported, the
breeding line MARCABUCAG8US-1–88 (MAR) and the cultivar
‘HS46’ were chosen as parental lines (Shappley et al. 1998). Pedi-
gree as well as agronomic fiber quality data showed great diversity
between the two parents (Calhoun et al. 1997; Shappley et al. 1998).
Ninety six bulk-sampled plots from an F2.3 (HS46×MAR) population
were used to isolate DNA for genetic mapping. The raw RFLP mo-
lecular data (scored bands) was used to develop the cotton joinmap.

Two distinct cotton cultivars from different USA geographical
growing regions were used to develop the second mapping popu-
lation (Pop 2) (Ulloa and Meredith 2000). The ‘MD5678ne’ parent
was a BC4F4 plant selection from the recurrent parent ‘DES 56’, a
Delta cultivar with high yield, and low fiber strength and fineness.
‘DES 56’ was used as a parent for many of the currently used 
Delta varieties, e.g., ‘DES 119’, ‘DPL 50’, ‘STV 474’, etc. 
(Calhoun et al. 1997). The ‘Prema’ parent was a Western cultivar
with low yield, and high fiber strength and fineness when grown
at Stoneville in the Mississippi Delta. One hundred and nineteen
bulk-sampled plots from an F2.3 (MD5678ne×Prema) population

were used to isolate DNA for genetic mapping. The complete set
of RFLP molecular data (scored bands) from each population was
used to develop the cotton joinmap.

Two distinct cotton cultivars (HQ95–6 and ‘MD51ne’) from
different USA geographical growing regions were used to develop
the third mapping population (Pop 3). Parent HQ95–6 was a 
single-plant selection from ‘Tamcot HQ95’, developed from a
cross between ‘Tamcot CD3H’ and MAR-CABU’CS-2–1-83.
Tamcot HQ95 had a cylindrical-shaped growth habit and storm-
resistant bolls typical of the Texas plain cotton (EL-Zik and 
Thaxton 1990). The ‘MD51ne’ parent generally had a high yield
and high fiber strength, and low fineness. MD51ne was a BC2F2
plant selection that originated from a cross of MD65–11 and ‘Del-
tapine 90’ (Meredith 1993). One hundred and ninety nine bulk-
sampled plots from an F2.3 (HQ95–6×MD51ne) population were
used to isolate DNA for genetic mapping.

The fourth population (Pop 4) was developed using two differ-
ent cultivar types. ‘DES 119–5’ was a BC4F4 plant selection de-
rived from a backcross program to insert the sub-okra leaf trait (L)
and nectariless 2(ne1,ne2) into a Delta cultivar, Des 119. Cultivar
DES 119 originated from a cross between ‘DES 24’ (Reg. no. 69
and P.V. no. 780040) and DES 2134–047. DES 2134–047 was a
sister line of ‘DES 56’ (Reg.no. 70 and P.V. no. 780041). DES 119
is an early maturing, rapid-fruiting cotton that possesses a semi-
cluster or short-fruiting-branch plant structure (Bridge 1986). The
other parent was MD51ne (Meredith 1993). One hundred and fifty
bulk-sampled plots from an F2.3 (119–5 sub-okra×MD51ne) popu-
lation were used to isolate DNA for genetic mapping.

Probe construction and RFLP analysis

A cDNA library was developed from leaf tissue (C) of six differ-
ent cotton cultivars and from fiber tissue (F), generating a set of
probes using the pGem-11zt(–) vector (Promega) at Biogenetic
Service, Inc. from Brookings, South Dakota. Total RNA was iso-
lated according to the methods of MacDonald et al. (1987). The
Aviv and Leder (1972) method was used to isolate and purify
poly(A)-RNA. The method of Gubler and Hoffman (1983) was
used to synthesize cDNA (ds-cDNA). The techniques of Hanahan
(1983) were employed for ligation and transformation with EcoRI
adaptors at the 5′ ends of the ds-cDNA. Multiple copies of the
probe were generated via PCR (Saki et al. 1988). The radiolabel-
ling of the probes was done by random priming (Feinberg and
Vogelstein 1983). The given references of methodology were
slightly modified or adapted for use by Biogenetic Services Inc.
(unpublished). Information concerning the availability of the
RFLP probes used in this study may be obtained directly from
Biogenetic Services, Inc.

RFLP analyses were conducted using bulk samples of juvenile
leaf tissue from individual F2.3 family single row plots. Pop 1 was
assayed using 129 probe/enzyme (EcoRI and EcoRV) combina-
tions (Shappley et al. 1998). Pop 2 was assayed using 106 probe/
enzyme (EcoRI and EcoRV) combinations (Ulloa and Meredith
2000). Pop 3 was assayed using 94 probe/enzyme (EcoRI and
EcoRV) combinations. A co-dominant pollen color marker also
was scored in this population. Pop 4 was assayed using 63 probe/
enzyme (EcoRI and EcoRV) combinations. A co-dominant marker
for sub-okra leaf shape was also scored in this population.

A total of 376 probe/enzyme (EcoRI and EcoRV) combina-
tions were employed to assemble the joinmap using the RFLP
fragment information from the four populations. RFLP methods
given in “Current protocols in molecular biology” (Ausubel 1978)
were used with some minor modifications by Biogenetic Services,
Inc. (unpublished). Either EcoRI or EcoRV restriction enzymes
were used in the digestion of the DNA sample, depending upon
the probe employed.

Screening of RFLP markers

There were three different scenarios used in the mapping processes
on these four populations. (1) Mapping was based on the presence
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or absence of an individual fragment, because heterozygotes could
not always be reliably scored (or differentiated). Only one of the
parents had this unique fragment. This type of marker is refer-
enced as a dominant RFLP. (2) Mapping was based on two frag-
ments, one coming from each parent where the heterozygote could
be reliably scored. This type of marker is referenced as a co-domi-
nant RFLP. (3) Mapping was based on more then one fragment
(allele) that segregates independently from the remainder of the 
alleles for a particular locus. If fragments were allelic, all individ-
uals in the mapping population must have at least one of the two
fragments. This assumption was merely observational; no allelic
test was performed in these populations.

Genetic linkage analysis and map construction

The following procedures were utilized to construct the linkage
maps for Pop 2, Pop 3, and Pop 4. Informative bands were scored
as present (+) or absent (–) for a dominant marker (expected geno-
typic ratios 3:1), and if alleles from both parents were identified
then the marker was scored as co-dominant (expected genotypic
ratios 1:2:1). The JoinMap (Stam and Van Ooijen 1995) computer
program was used to test the chi-square goodness-of-fit for ex-
pected versus observed genotypic ratios and to develop the final
positional maps. Mapmaker/Exp 3.0 (Lander et al. 1987) was also
used to develop these genetic maps. LOD scores of 3 to 6 were ex-
amined, using the Kosambi map function, and a maximum dis-
tance of 40 cM was employed to determine the linkage between
two markers. A LOD score of 4.0 was selected to develop the 
linkage maps. The linkage map for Pop 1 was constructed using
MAPMAKER/Exp 3.0 with a LOD score of 3.0 or greater and a
genetic distance of 50 cM (Shappley et al. 1998).

The JoinMap (Stam and Van Ooijen 1995) computer program
was employed to assemble the four maps, using the modules
JMREC for recombination estimation, JMHET for heterogeneity
testing, JMPWG for linkage group assignment and for merging
linkage data obtained from several populations, and finally
JMMAP for map construction. A LOD score of 4.0 was selected
to develop the genetic linkage joinmap.

Results

Marker segregation

A total of 129 cDNA probes revealed 138 RFLP loci in
the first population (Pop 1). The informative fragments
hybridized to 96 DNA samples obtained from bulk-sam-

pled progenies from an F2.3 (HS46×MAR) population.
Segregation distortion was observed at four RFLP loci.
Chi-square values ranged from 0.0 to 29.4. Five of eight
co-dominant loci with an abnormal segregation showed
an excess of heterozygotes, or an excess of homozy-
gotes, for alleles from the MARCABUCAG8US-1–88
parent (Shappley et al. 1998).

A total of 106 cDNA probes revealed 113 RFLP 
loci in the second population (Pop 2). The informa-
tive fragments hybridized to 119 DNA samples obtained
from bulk-sampled progenies from an F2.3 (MD5678×
Prema) population. Segregation distortion was observed
at some RFLP loci with chi-square values ranging 
from 0.0 to 49.6. Eleven of the 16 loci with the greatest
distortion (χ2>25.0) had greater than expected allelic 
frequencies from the Prema parent (Ulloa and Meredith
2000).

A total of 94 cDNA probes revealed 100 RFLP loci in
the third population (Pop 3). A single morphological
marker, pollen color (P1), gave a total of 101 marker 
loci. The informative fragments hybridized to 199 DNA
samples obtained from bulk-sampled progenies from an
F2.3 (HQ95–6×MD51ne) population. Segregation distor-
tion was observed at 16 RFLP loci. Chi-square values
ranged from 0.0 to 42.4. Among the 16 markers exhibit-
ing segregation distortion, four had an excess of homo-
zygotes represented by the HQ95–6 parent, four had an
excess of heterozygosity, and eight had an excess of the
alleles (fragments) represented by the MD51ne parent
genotype (Table 1).

A total of 63 cDNA probes revealed 69 RFLP loci in
the fourth population (Pop 4). In addition a leaf-shape
marker was also scored making a total of 70 loci. The in-
formative fragments hybridized to 155 DNA samples ob-
tained from bulk-sampled progenies from an F2.3 (119–
5 sub-okra×MD51ne) population. Segregation distortion
was observed at 15 RFLP loci. Chi-square values ranged
from 0.0 to 34.1 among the 15 markers exhibiting segre-
gation distortion; six exhibited an allelic excess from
parent 119–5 sub-okra, two from the heterozygote, and
seven from the MD51ne. However, observed genotypic

Table 1 Information summary from the four cotton, G. hirsutum L., mapping populations used in this study. Genetic linkage maps were
developed with a LOD score of 4.0 by the JoinMap computer program (Stam and Van Ooijen 1995)

Mapping population No. of CDNAsa RFLP Linked Unlinked Codom/ Linkage Percent- Segregation distortion
families locib loci loci dom groups agec

Male Hetero- Female 
parent zygote parent

HS46×MARd 96 129 138 120 18 84/54 31 18.6 5 3 4
MD5678×Premae 119 90 97 81 16 36/61 17 15.0 11 5
HQ95–6×MD51ne 199 94 100 82 18 59/41 24 18.0 8 4 4
119–5 sub-okra×MD51ne 155 63 69 56 13 28/51 16 11.0 7 2 6
Genetic Joinmap 569 376 404 283 121 138/145 47 31.0 NA NA NA

a Number of cDNA probes used in each mapping population
b Total number of informative alleles (DNA fragments) scored in
each population
c The approximate percentage of coverage of the total recombina-
tional length of the cotton genome

d Mapping population previously reported by Shappley et al.
(1998)
e Mapping population previously reported by Ulloa and Meredith
(2000)
Segregation distortion for RFLP loci, observed with a chi-square
greater than 5.0
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segregation ratios for six presumably dominant (3:1)
markers, revealed a (1:3) genotypic ratio (Table 1). The
reason for this result is not known.

Cotton genetic linkage maps

The majority of the RFLP markers used to construct 
the linkage maps showed normal Mendelian segregation.
Table 1 presents a summary from the different genetic
linkage maps that were constructed. A large number of
progeny (569) was assayed with cDNA probes by EcoRI
and EcoRV enzyme combinations. The number of RFLP
linked loci in these maps ranged from 56 to 283 and 
the number of linkage groups from 16 to 47. The average
distance between two markers ranged from 5.3 to 
10.0 cM. The map for Pop 1 includes 120 loci covering

865 cM based on the MAPMAKER/Exp 3.0 (Lander 
et al. 1987) analysis. The 120 loci in this map covered
approximately 18.6% of the total recombinational length
of the cotton genome (Shappley et al. 1998). The map
for Pop 2 includes 81 loci covering 700.7 cM. The 81 
loci in our map covered approximately 15% of the 
total recombinational length of the cotton genome (Ulloa
and Meredith 2000). The map for Pop 3 includes 83 loci
covering 830.1 cM. The 83 loci in our map covered 
approximately 18% of the total recombinational length
of the genome. The pollen color-marker was found to be
linked to three RFLP loci on linkage group 9 (Fig. 1 and
Table 1). The map for Pop 4 includes 56 loci covering
520.4 cM based on the JoinMap computer program
(Stam and Van Ooijen 1995). The 56 loci in our map
covered approximately 11% of the total recombinational
length of the cotton genome. The leaf-shape marker was
independent (unlinked) of the RFLP markers mapped in
this population (Fig. 2 and Table 1).

The joinmap includes 283 loci plus one morphologi-
cal marker (P1), making a total of 284 loci that were
found to be linked with a LOD of 4.0. Among the 284
loci, 138 segregated as expected with codominant alleles
and 145 segregated as expected with dominant alleles.

Fig. 1 Cotton RFLP linkage map from 199 bulk-sampled plots of
an F2.3 (‘HQ95–6’×‘MD51ne’) population (Pop 3) with 82 RFLP
loci and the pollen color (P1) locus (CPOLLEN), with 24 linkage
groups, covering 830.1 centiMorgans (cM). Map distances be-
tween adjacent markers are in cM. The map was constructed by
using the JoinMap (Stam and Van Ooijen 1995) computer pro-
gram, with the Kosambi function and a LOD ratio of 4.0



204

The 284 loci covered 1,502.6 cM based on the JoinMap
computer program (Stam and Van Ooijen 1995). Thus,
the 284 loci covered approximately 31% of the total re-
combinational length of the cotton genome (Fig. 3 and
Table 1). Twenty one linkage groups contained only two
markers per group (Fig. 3). More markers are needed to
accurately assign these smaller groups. Segregation dis-
tortion was observed at 59 RFLP loci. Chi-square values

Fig. 2 Cotton RFLP linkage
map from 155 bulk-sampled
plots of an F2.3 (‘119–5’ 
Sup-okra×MD51ne) population
(Pop 4) with 56 RFLP loci and
16 linkage groups, covering
520.4 centiMorgans (cM). Map
distances between adjacent
markers are in cM. The map
was constructed by using the
JoinMap (Stam and Van Ooijen
1995) computer program, with
the Kosambi function and a
LOD ratio of 4.0

Table 2 Comparison informa-
tion summary of cDNA, RFLP
loci, and the percentage of
shared RFLP loci between pop-
ulations from the four G. hirsu-
tum mapping populations

Map comparison No. of I.D. cDNAsa RFLP Percent-
families locib agec

(HS46×MARd) 96 Pop 1 16 18 16.2
vs vs vs

(MD5678×Premae) 119 Pop 2

(HS46×MAR) 96 Pop 1 44 46 41.0
vs vs vs

(HQ95–6×MD51ne) 199 Pop 3

(HS46×MAR) 96 Pop 1 15 18 16.2
vs vs vs

(119–5 sub-okra×MD51ne) 155 Pop 4

(MD5678×Prema) 119 Pop 2 11 11 9.9
vs vs vs

(HQ95–6×MD51ne) 199 Pop 3

(MD5678×Prema) 119 Pop 2 10 10 9.0
vs vs vs

(119–5 sub-okra×MD51ne) 155 Pop 4

(HQ95–6×MD51ne) 199 Pop 3 10 10 9.0
vs vs vs

(119–5 sub-okra×MD51ne) 155 Pop 4

a Number of cDNA probes that
hybridized in two populations
(shared RFLP clones)
b Number of informative alleles
(DNA fragments) scored and
hybridized in two populations
(shared RFLP loci)
c The percentage of shared
RFLP loci between two popu-
lations from a total of 111
shared RFLP loci from the four
populations
d Mapping population previous-
ly reported by Shappley et al.
(1998)
e Mapping population previ-
ously reported by Ulloa and
Meredith (2000)

Fig. 3 Cotton RFLP genetic-linkage joinmap from bulk-sampled
plots of four F2.3 cotton populations, two previously reported
(Shappley et al. 1998; Ulloa and Meredith 2000), with 283 RFLP
loci and the pollen color (P1) locus, with 47 linkage groups, cover-
ing 1,502.6 centiMorgans (cM). Map distances between adjacent
markers are in cM. The map was constructed by using the Join-
Map (Stam and Van Ooijen 1995) computer program, with the
Kosambi function and a LOD ratio of 4.0

▲
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Table 2 presents a summary of the number of cDNA
probes as well as RFLP loci that were common among
populations. The maps from Pop 1 and Pop 3 were the
most similar with 41.0% shared heterozygous RFLP loci
(Table 2). They shared 44 cDNA probes and 46 RFLP
loci. The RFLP loci involved at least 19 linkage groups.
Fourteen of the groups had at least two linked loci in the
two populations. The maps for Pop 2 and Pop 4 were the
least similar. They shared ten cDNA probes and ten
RFLP loci. Four linkage groups had at least two loci
linked in the two populations (Table 2). MD5678 and
1195–5 evolved from the DES program and shared simi-
lar pedigrees, while Prema and MD51ne are very differ-
ent agronomically. Based on 111 shared RFLP loci, the
percentage of common heterozygous loci between popu-
lations varied from 9.0% to 41.0%. Identification of 
homologous RFLP loci in a linkage group reveals the 
approximate number of loci of cDNA-probes monomor-
phic in one population but polymorphic in the other.
Knowledge of homology represents a means to greatly
increase the informativeness of the genetic joinmap in
the tetraploid G. hirsutum (Figs. 3 and 4). The cDNA
probes used to construct the joinmap detected multiple
segregating loci. This or a higher level of segregation
has been observed in previous studies (Bernatzky and
Tanksley 1986; Kianian and Quiros 1992).

At least five linkage groups from the four cotton pop-
ulations blended into the largest joinmap linkage group,
group No. 1 (Fig. 4). In the joinmap linkage group No. 1,
the order of RFLP loci changed moderately or drastically
depending on the locus. Characterization of the compara-
tive organization of heterozygous RFLP loci in linkage
groups from the different populations promises to in-
crease the marker density of the molecular upland cotton
joinmap and to facilitate both genetic and physical map-
ping applications.

Discussion

An RFLP joinmap of G. hirsutum has been established
as a first step toward further understanding its structural
genome.

Sixteen percent of the RFLP loci showed segregation
distortion among the four populations. Analyses of the
parental origin of each RFLP allele revealed slight 
preference for the MAR, Prema, and MD51ne genotypes
in three of the four populations. Segregation distortion
also has been reported in other crops such as maize
(Rhoades 1941; Robertson 1984), tomato (Paterson et al.
1991), and Brassica (Kianian and Quiros 1992). Kianian
and Quiros (1992) compared individual genetic maps
and found that distortion in segregation ratios increased
with the level of divergence of the parents. They attribut-
ed the distortion to the differentiation of parental chro-
mosomes. Occasionally such preferential segregation can
be used as a basis for genotypic selection among individ-
uals, accelerating introgression of a desired chromosom-
al segment into a new genetic background (Young and
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ranged from 0.0 to 49.6. Among the 59 markers exhibit-
ing segregation distortion, 31 had an excess of homozy-
gotes represented by the male parent, nine had an excess
of heterozygosity, and 19 had an excess of the alleles
(fragments) represented by the female parent genotype.
Segregation distortion from Mendelian segregation ratios
was observed up to 21.0% (Table 1).

RFLP loci comparison between populations

The complete scored molecular data set of the four popu-
lations was used to determine the homology of RFLP 
loci. A core of 104 cDNA probes was common between
populations, yielding a total of 111 common RFLP loci.

Fig. 4 Amalgamation of the joinmap linkage group No 1 as com-
pared to groups Nos. 4 and 14 from the first population (Pop 1),
group No. 7 from the second population (Pop 2), group No. 19
from the third population (Pop 3), and group No. 7 from the fourth
population (Pop 4) to further investigate gene (RFLP loci) order.
The joinmap linkage group No. 1 was constructed by using the
JoinMap (Stam and Van Ooijen 1995) computer program, with the
Kosambi function and a LOD ratio of 4.0



Tanksley 1989). The F2.3 cotton populations were the re-
sult of artificial selection and breeding. The distorted
segregation RFLP loci observed in these mapping popu-
lations may be due to the complex breeding pedigree of
the parents used. At least one of the parents in each map-
ping population originated from an introgression of a tri-
ple hybrid as well as the introgression of segments of
DNA from G. barbadense, which is quite common in
Upland cotton.

The joinmap and the comparison of linkage groups
from the different populations (Figs. 3 and 4, and Table 2)
provide information concerning linkage relationships
among RFLP loci. This information also increases our
understanding of genetic mapping (structural genomics)
for Upland cotton. Recombination in G. hirsutum may
occur in blocks only on certain chromosomes. In an allo-
tetraploid such as cotton, two genomes are in the same
nucleus. Therefore, recombination rates might be sus-
pected to be affected by life-history, population genetics,
and ecological covariables (Brubaker et al. 1999). Chro-
mosome pairing is often disturbed at meioses in synthet-
ic allopolyploids. Evidence of locus duplication or dele-
tion as a consequence of polyploidization events may
contribute to changes in recombination rates (Small and
Wendel 2000).

This is the first genetic linkage joinmap assembled in
G. hirsutum with a core of RFLP markers assayed on dif-
ferent cotton populations with different genetic back-
grounds (Acala, Delta, and Texas plain). It is evident that
mapping at the multi-population level has many advanta-
ges over that based on a single population. Gene order
and map distances are estimated more accurately with a
large number of mapped loci in different populations with
different genetic backgrounds. The RFLP loci mapped in
this study will be used to identify QTLs for agronomic,
physiological, and fiber quality traits, as well as for the
identification of RFLP loci lineage for G. hirsutum from
its diploid progenitors (the A and D genomes).
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